ABSTRACT The provision for dustbathing material will be a legal requirement in cage-housing systems for laying hens within the European Union beginning in 2012. At present, food particles are widely used and typically offered in small amounts on Astroturf mats one or more times per day to facilitate dustbathing, pecking, and scratching. In the present study, we compared layers' preference for food and 3 other (nonnutritive) substrates for foraging and dustbathing. In each of 2 identical trials, 72 hens of 2 genotypes (Lohmann Selected Leghorn and Lohmann Brown) were kept in 12 compartments (6 hens each). Compartments were equipped with a plastic grid floor and additionally contained 4 different dustbathing trays (each 1,000 cm 2 / hen) holding either wood shavings (WS), lignocellulose (LN, soft wood fiber, pelleted), Astroturf mat without substrate (AT), or food particles (FP). Hens were housed from 18 wk of age and video recordings were done at wk 21, 24, and 27. Time spent and frequency of dustbathing, duration of a single dustbath (DB), frequency of foraging behavior, and relative frequency and duration of behavioral patterns within a single DB were recorded during the light period over 2 d in each observation week. The FP treatment was preferred for foraging over WS, LN, and AT. Time spent dustbathing and number of DB were higher in LN compared with WS, FP, and AT, whereas average duration of a single DB was longer in FP compared with LN and WS. More vertical wing shakes and scratching bouts within a single DB were observed in LN compared with AT. Bill raking occurred more frequently in WS and LN in comparison to FP and AT. No differences in the relative durations of behavioral patterns within a single DB were found. In conclusion, FP were preferred for foraging but not for dustbathing, indicating that FP may not be an optimal dustbathing substrate for laying hens.
INTRODUCTION
Foraging and dustbathing are considered as behavioral needs in laying hens. A variety of studies have shown that hens are willing to work for access to additional resources, such as litter material, to carry out dustbathing and foraging behavior. Furthermore, prevention of foraging and dustbathing substrate leads to an increased motivational strength to perform these activities (Cooper and Albentosa, 2003) . Beginning in 2012, the provision of dustbathing material for laying hens will become a legal requirement in furnished cages within the European Union (European Union, 1999) to allow hens the ability to "satisfy their ethological needs" (article 2, § 2b). In enriched cages, laying hens must have access to litter "such that pecking and scratching are possible" (article 6, § 1c). In Germany, the requirements for substrate are more specific. Hens have to be offered an "adequate substrate of a loose structure and sufficient amount, which should enable them to perform their natural behavioral traits, particularly pecking, scratching and dustbathing" [ §13(5), number 5, TierSchNutztV; Federal Ministry of Food, Agriculture and Consumer Protection, 2006] . Presently, in furnished cages and in the German small group system, hens are mainly offered food particles as litter. Because the supply pipe of litter material and food supply chain are technically linked, food particles are automatically dropped on scratching mats (e.g., Astroturf mats, Solutia Inc., St. Louis, MO) in small amounts up to a few times per day.
Indeed, food might be an adequate material for foraging as well as for dustbathing. Modern breeds of laying hens prefer to forage in food particles compared with a mixture between food particles and wood shavings, which has been discussed with respect to the resource allocation theory (Schütz and Jensen, 2001 ). Based on this theory, hens selected for high egg production showed less behavioral patterns of high energetic costs, such as foraging, to reallocate energy to the maintenance of production traits.
Food particles might also be an adequate substrate for dustbathing. Food particles have in general a fine structure comparable in particle size to sand. Sand was preferred over feathers, straw, and wood shavings for dustbathing in studies by Van Liere et al. (1990) and Sanotra et al. (1995) . However, sand is difficult to supply mechanically because of mechanical wear of the delivery system and due to its high density.
Although a variety of choice tests on various dustbathing substrates have been conducted (Sanotra et al., 1995; Gunnarsson et al., 2000; De Jong et al., 2007) , so far nothing seems to have been published about the preference and acceptance of food particles as dustbathing material by laying hens. Therefore, the aim of our study was to compare foraging and dustbathing behavior in food particles with that shown in alternative, nonnutritive substrates offered simultaneously. These nonnutritive substrates were wood shavings and lignocellulose. Lignocellulose is a wood-derived material of pelleted lignin, hemicellulose, and cellulose. It has been used as a nonnutritive food additive in pig husbandry. At present, it is also used as litter for broilers (Berk, 2009) , whereas data on the usefulness as litter substrate for laying hens has not been published. As a control, we offered Astroturf mats with no substrate. Due to some evidence that different genotypes may vary in the frequency of dustbathing behavior (Wall et al., 2008) , we included 2 different layer strains in our study. We hypothesized that laying hens would prefer food particles for foraging due to their nutritive value and also for dustbathing due to their fine-grained texture.
MATERIALS AND METHODS

Experimental Design
In each of 2 identical trials over 10 wk each, 72 laying hens [36 Lohmann Selected Leghorn (LSL) and 36 Lohmann Brown (LB)] were used. Hens were reared in cages without access to dustbathing substrate and transferred to the experimental stable at the age of 18 wk. Within the experimental stable, hens were kept in 12 compartments (floor space: 2 × 3 m, height: 2 m), which were located in parallel position to each other. Hens were kept in groups of 6 randomly selected hens of the same genotype and genotypes were housed in an alternate order. Compartments were equipped with a plastic grid floor, feed trough, water dispenser with drinking nipples, perch (100 cm), and nest box, and provided 1 m 2 of space per hen. Food (11.3 MJ of ME, 4.20% crude lipid, 15.3% CP, 3.69% Ca, and 0.56% P) and water were offered ad libitum. Each compartment contained 4 litter trays positioned parallel to each other (750 × 800 mm each) but separated by sloped, solid side walls (620-to 1,227-mm height). Side walls were sloped to avoid hens resting on the partitions. The 4 litter trays were equipped with Astroturf mats without substrate (AT, Solutia Inc., St. Louis, MO), wood shavings (WS, untreated soft wood), lignocellulose (LN, SoftCell, Agromed Austria GmbH, Kremsmünster, Austria), and food particles (FP, identical to the food provided at the feed troughs) at random order within each compartment. The floor of each tray was fully covered with litter material of approximately 15-mm height, thus corresponding to the height of Astroturf knops. The filling level of each tray was controlled daily and substrate was added if necessary. Soiled litter was not removed from the trays. The proportions of particle sizes of FP (100 g), WS (20 g), and LN (100 g) were examined with the help of a particle sieve (according to DIN 4188) 4 times during the second trial ( Figure 1 ). One sample of fresh LN, WS, and FP was taken before the start of the experiment. Eight samples per used substrate were taken from the litter trays in wk 24 at both days of video observation and 4 samples per substrate were analyzed at the end of each trial period (39 samples in total, litter trays for sampling were randomly chosen). An analysis of crude fat content of LN, WS, and FP was conducted in fresh substrate before each trial (LN: 0.41%, WS: 0.47%, and FP: 4.20%). The density of substrates was estimated by weighing 1 L of fresh particles per substrate (FP: 734.9 g/L, LN: 453.1 g/L, and WS: 80.0 g/l).
Behavioral Observations
All hens were individually marked with a bendable plastic label on the back. Each compartment was equipped with 2 video cameras installed at a height of approximately 2 m. After giving hens a habituation period of 3 wk, video observations were conducted in wk 21, 24, and 27 of life for 2 successive days each week during the light period. The light period varied from 11 to 14 h over the experiment. Video recordings were analyzed using the software Observer (Version 5.0, Noldus Information Technology BV, Wageningen, the Netherlands). The number of hens dustbathing on the plastic grid floor was recorded at 1-h intervals. The number of dustbaths (DB) in the different litter trays and DB duration (time spent dustbathing) were continuously recorded for each individual hen during the light period. The start of a DB bout was defined as the first vertical wing shaking. Dustbathing behavior ended when hens exhibited a full-body shake. In addition, the number of hens foraging (scratching and pecking while walking or standing) in the different DB trays was counted by scanning each substrate tray at 1-h intervals during the light period.
To analyze the relative frequencies and lengths of the different behavioral patterns of a single DB, on each day of observation, a 5-h time frame, beginning 5 h after light had been switched on, was scheduled for each litter tray of the 12 compartments (48 trays in total per experiment). During this time interval, the first hen entering the observed litter tray and beginning to dustbathe was chosen as a focal bird, provided it had not been chosen as a focal bird at a previous time or in a different litter tray before. For each focal hen, the behavioral patterns sitting in substrate, standing in substrate, head or side rubbing (HSR), and lying on the side were recorded as continuous events (state sampling) and the traits vertical wing shake (VWS), scratching (SC), bill raking (BR), pecking in plumage (PP), wing and leg stretching, and body wing shake were recorded as events (event sampling). Definitions of single behaviors were adopted in accordance with Kruijt (1964) and Van Liere et al. (1990) . On each of the 6 observation days per trial, only 1 hen was observed per litter tray within the time frame chosen. Focal bird observations enabled an analysis of relative frequencies and durations of the single behavioral patterns. Relative frequencies and durations of single behavioral patterns were calculated by dividing the frequency or duration of a single behavior by the overall length of dustbathing.
Statistical Analysis
Data on the time spent DB, numbers of DB, length of a DB, and foraging were analyzed using a GLM model (SAS Institute, 2004; Shabenberger, 2005) and incorporating adjusted covariance matrices for age and for substrate within pen as repeated measures. The model included substrate (AT, FP, WS, and LN), genotype (LB and LSL), age (21, 24, and 27 wk), and interaction between substrate and genotype as fixed effects. Data on the relative frequency and duration of behavioral patterns within a DB were averaged over ages and otherwise analyzed as previously described [i.e., the model included substrate (AT, FP, WS, and LN) and genotype (LB and LSL) and the interaction between substrate and genotype as fixed effects and substrate within pens as repeated measures]. For all variables in both models, the Tukey multiple comparison adjustment was used when comparing least squares mean differences. The lognormal distribution with identity link function was used for the variables time spent dustbathing, foraging, and standing in substrate. The gamma distribution with logarithmic link function was used for the variables number of DB and average duration of DB. The Gaussian distribution with logarithmic link function was used for variables PP and HSR. All other variables were analyzed using a Gaussian distribution with identity link function.
RESULTS
Time Spent Dustbathing
Hens spent longer time dustbathing in LN compared with AT, FP, and WS and in WS compared with FP (F 3,132 = 15.5, P < 0.001). Furthermore, LSL hens spent longer time dustbathing in comparison to LB layers (F 1,132 = 5.10, P = 0.026), whereas no effect of age was found (Table 1) .
Number of DB
The number of DB was significantly influenced by substrate (F 3,278 = 46.7, P < 0.001). The highest numbers of DB were found in LN, followed by WS, FP, and AT (Table 1) . Age affected number of DB (F 2,278 = 4.41, P = 0.013), with more DB occurring at wk 24 and 27 compared with wk 21. In addition, number of DB was affected by the interaction between substrate and genotype (F 3,278 = 2.79, P = 0.041) due to relatively more LSL hens dustbathing on LN and relatively less LSL hens dustbathing on WS compared with LB layers (Table 2) . On the grid floor, dustbathing was observed 3 times. 
Average Duration of a Single DB
The average duration of a DB was affected by substrate (F 2,53 = 6.68, P = 0.003), with hens having longer single DB in FP compared with WS and LN (Table  1) . No effects of genotype and age were found.
Foraging
The FP treatment was used more for foraging followed by WS, LN, and AT (overall test of substrate F 3,80 = 139.3, P < 0.001, Table 1 ). In addition, more foraging was observed in LSL hens compared with LB layers (F 1,80 = 6.06, P = 0.016), whereas no effect of age on the level of foraging was found (Table 1) .
Behavioral Patterns Within a DB
Substrates significantly influenced the relative number of VWS (F 3,41 = 4.56, P = 0.008), BR (F 3,40 = 8.90, P < 0.001), and SC (F 3,40 = 5.94, P = 0.002). Pairwise comparisons revealed more VWS in LN compared with AT, whereas no differences were found between LN, WS, and FP and between AT, FP, and WS (Table 1) . Bill raking was relatively more frequent in WS and LN compared with FP and AT. Furthermore, BR was affected by genotype (F 1,40 = 8.57, P = 0.006), with more bouts occurring in LSL hens compared with LB layers. More SC was observed in LN compared with WS and AT. Relative frequency of PP and relative duration of sitting in substrate, standing in substrate, Table 2 ). 5 Nonestimable functions. A-D Different superscripts in a row-category indicate significant difference (P < 0.05). 1 For log-transformed variables, backtransformed least squares means are presented. 2 LB = Lohmann Brown; LSL = Lohmann Selected Leghorn. AT = Astroturf (Solutia Inc., St. Louis, MO); FP = food particles; WS = wood shavings; LN = lignocellulose.
3 Overall effect significant (P < 0.05), but of pairwise comparisons only LSL lignocellulose versus LSL wood shavings was significant (P < 0.01). 4 Overall effect significant (P < 0.05), but no pairwise comparisons were significant after Tukey adjustment (P > 0.05). 5 Overall effect significant (P < 0.05), but of pairwise comparisons only LSL wood shavings versus LB wood shavings was significant (P < 0.01).
HSR, and lying on the side within a DB were not affected by substrate. Significant substrate × genotype interactions are shown in Table 2 . Data on body wing shake and wing and leg stretching were removed from the data set because of too few observations.
DISCUSSION
The results showed that hens prefer FP for foraging (scratching and pecking) but not for dustbathing when other substrates like LN and WS are offered simultaneously. The preference of FP for foraging was in line with our hypothesis that hens would prefer a nutritive substrate for foraging compared with a nonnutritive substrate. In support of the resource allocation theory, which states that "resources consumed by one function," such as investing energy in foraging, "are not available for others" (Beilharz et al., 1993) , Schütz and Jensen (2001) found that laying hens selected for high egg production traits reduce energy related to foraging in favor of maintaining production traits. The authors offered red jungle fowl and hens of a modern hybrid (selected for high productivity) FP and FP mixed with WS and found a preference of jungle fowl for the mixed diet, whereas the modern hybrid preferred the plain FP source. The 2 layer hybrids used in our study, LSL and LB, are the product (cross) of genotypes selected for high egg production. Foraging in the nonnutritive substrates would probably have caused high energetic costs due to low net payoff related to discovery of FP and food intake. Therefore, the plain FP source was possibly preferred for foraging compared with LN, WS, and AT. However, hens conducted foraging behavior although FP was freely available at the feed troughs and FP provided in the litter trays was of an identical charge. This indicates a different motivation for feeding and foraging behavior. Weeks and Nicol (2006) described foraging as a behavioral need in laying hens, which was not reduced in time when food was freely available. Hens' preference to forage in WS compared with LN is difficult to interpret. A possible explanation could be that hens simply chose a substrate different from that preferred for dustbathing. However, in a study by Petherick and Duncan (1989) , hens preferred peat for both foraging (ground scratching and pecking) and for dustbathing when offered together with sand, sawdust, and WS.
The hypothesis that hens would prefer FP for dustbathing was not confirmed by our results, although food had the most fine-grained structure among the substrates tested. A variety of studies have shown that hens prefer substrates with a fine structure for dustbathing, such as sand and peat moss (Olsson and Keeling, 2005) . The reason that LN, which had a coarser structure, was preferred over FP could be the higher fat content of food. The FP used in our study had a crude fat content of 4.20%, which was higher compared with LN (<0.5%) and WS (<0.5%). There is evidence that removal of feather lipids and maintenance of plumage are the main functions of dustbathing (Van Liere and Bokma, 1987; Van Liere et al., 1990) . In the present study, FP might, due to its fat content, have had a very limited effect on lipid removal and might even have contributed to further accumulation of feather lipids. In this context, the longer average duration of DB we found in FP compared with LN and WS could have been due to unsuccessful attempts of hens in trying to remove feather lipids, which might have been hampered in a substrate containing a certain amount of fat. Furthermore, due to its fine structure, it is likely that FP even reached the skin and distributed lipids there.
However, we did not analyze feather lipids in the current study.
Compared with WS, LN had a lower proportion of coarser (≥6.3 mm) and a larger fraction of smaller particles (3.15 to 5 mm). Furthermore, LN degraded into smaller particles due to its structure when it was used. This could have contributed to the strong preference of LN for dustbathing. In accordance with our results, Petherick and Duncan (1989) also reported coarse WS to be less favored as a dustbathing substrate by hens, although, in a choice test, the authors found a preference of peat over sand and sawdust, with the former substrate being coarser than the latter 2 substrates. These findings suggest that other factors, such as low density, high organic content, or friability of a substrate, may affect preferences. A high level of friability was applied to LN, whereas substrate density was higher in comparison to WS.
The results on the relative frequencies and durations of the single behaviors within a DB were rather surprising because we expected substrates to affect these to a higher degree, particularly in relation to the relative durations of single behaviors. Van Liere (1992) found longer DB on WS due to an extension of the rubbing phase, whereas hens' initial tossing behavior on WS or sand did not differ in time. A possible explanation could be that WS hardly reached the hen's skin after tossing and might therefore be less effective for dustbathing (Van Liere et al., 1990) . In our study, we did not find differences in the relative frequency of tossing (VWS) and in the relative duration of rubbing (HSR) among LN, WS, and FP. However, in the experiments from Van Liere (1992), hens had been deprived of litter before the substrates were offered, whereas in our study, substrates were accessible ad libitum at all times.
The higher relative frequency of VWS and SC within DB on LN compared with AT is probably due to the presence of a loose substrate, which allows for tossing particles into the plumage (VWS) and for performing the consummatory part of scratching behavior consisting of physical displacement of substrate. However, the higher relative frequency of SC in LN compared with WS is difficult to explain because both substrates are loose. Bill raking was seen more often in WS and LN compared with FP and AT. This is interesting because BR shows similarity to foraging behavior (scratching and pecking) and thus it could be expected to have a higher frequency in FP. Maybe our results indicate that BR is not related to feeding but primarily conducted to gather material for dustbathing. Lignocellulose and WS having less density than FP might therefore require more BR to gather a certain amount of material.
The results of the present experiments show that FP is an adequate material for foraging behavior. With relation to dustbathing behavior, however, FP was far less preferred in comparison to the 2 types of nonnutritive substrates offered here, namely LN and WS. A reason for this might be that FP, due to its fat content, is less effective in reducing feather lipids and maintaining plumage condition. This question and other key features essential for litter substrates to be preferred for dustbathing by laying hens will be the focus of further experiments.
